SUMMARY Variations in DNA sequence generate polymorphisms which can be followed through families. A cloned gene specific probe for human complement 3 (C3) was hybridised to DNA samples digested with restriction endonucleases. The C3 probe detects several restriction fragment length polymorphisms (RFLPs) that occur frequently in the general population. These DNA alleles can be readily used in linkage analyses of loci on chromosome 19, since most families studied are informative. The inheritance of one such polymorphism was followed through myotonic dystrophy families. The segregation data for both the C3 protein polymorphism and the C3 RFLP support the linkage of myotonic dystrophy (DM) and C3.
Differences in DNA sequence owing to single base changes, deletions, or insertions occur approximately once in every 100 to 200 base pairs in the normal population' and may be detected as changes in the size of fragments generated after digestion of the DNA with restriction endonucleases.' These restriction fragment length polymorphisms (RFLPs) show Mendelian inheritance and so can be used in family linkage studies to localise a specific gene of interest.3-7
If a linked restriction site polymorphism shows disequilibrium with a phenotype, as in sickle cell anaemia, then an analysis of the inheritance of the RFLP may also allow antenatal diagnosis of the disease.8 Diagnosis will also be possible if the mutation causing a disease generates a change in restriction pattern,9 or if a family study reveals a RFLP which shows linkage to a disease within the family even if in equilibrium in the population, as for some cases of thalassaemia. 10 Myotonic dystrophy (DM) is a dominantly inherited disorder affecting about 1 in 8000 people in well studied populations." Although the age of onset of the disease is very variable, it manifests its symptoms mostly in adult life after the carriers have reached reproductive age. As yet there is no direct antenatal Received for publication 8 February 1983 . Accepted for publication 9 February 1983. diagnosis. Linkage analysis using protein polymorphisms has established that the DM locus lies in the linkage group on chromosome 19 (fig 1 a, c, d ). The polymcrphism used in this study, detected after digestion by the enzyme SstI, gives three patterns: a single 12 0 kb fragment, two fragments of 9 0 kb--3.0 kb, or all three fragments (lanes 6, 1, and 2 in fig la) . These patterns are interpreted to be the result of the products of two alleles, AI and A2. The frequency of the rarer allele (A2) in the random population is 0-36, which is similar to the frequency found in the myotonic dystrophy patients ( Linkage between the C3 RFLP, the protein polymorphism, and myotonic dystrophy was analysed by the computer programme LIPED,25 using the variable age of onset factor curve1' (table 2) . In calculating the total lod score, subjects heterozygous for both the RFLP and protein polymorphisms were included only once. For example, in family M92 (fig 2) , 1.1 was scored for the C3 protein polymorphism, and 11.2 and 11.3 were both scored for the C3 RFLP as they are phase known, whereas phase is not known for the C3 protein polymorphism. 27 and the female genetic length may well be greater than 200 cM. Therefore, at least ten equally spaced markers will be required to permit the construction of a total genetic linkage map of chromosome 19. The C3 and DM loci are at a considerable distance (of the order of 7 cM in males and much greater in females). Since the total DNA sequence length of the human haploid genome is approximately 3 x 109 bp (or 3 x 106 kb),27 and since the male genetic length is 33 Morgans,28 29 one centiMorgan is approximately equal to 1000 kb for males. Therefore the C3 probe is at least 7000 kb from the DM defect, too far to 'walk' along the chromosome.30 It is necessary to isolate further probes defining sites closer to myotonic dystrophy before 'walking' from a close-by site to the disease locus becomes feasible.
